Objective: to determine whether the administration of Ciliary Neurotrophic Factor (CNTF) at the site of repaired facial nerve enhances regeneration in the adult sheep model. Methods: Ten adult sheep were divided into 2 groups: control and study group (CNTF group). In the CNTF group, the buccal branch of the facial nerve was transected and then repaired by epineural sutures. CNTF was injected over the left depressor labii maxillaris muscle in the vicinity of the transected and repaired nerve for 28 days under local anesthesia. In the CNTF group, the sheep were again anesthetized after nine months and the site of facial nerve repair was exposed. Detailed electrophysiological, tension experiments and morphometric studies were carried out and then analyzed statistically. Results: The skin CV min, refractory period, Jitter and tension parameters were marginally raised in the CNTF group than the control but the difference was statistically insignificant between the two groups. Morphometric indices also did not show any significant changes in the CNTF group. Conclusion: CNTF has no profound effect on neuronal regeneration of adult sheep animal model.
Introduction
Despi te good microsurgical techniques for the repair of peripheral nerve injuries and the use of nerve grafts and conduits for bridging the defects, the functional nerve recovery is generally partial and unsatisfactory. Over the last decade, several studies have focused on enhancing nerve regeneration and overcoming the problems of nerve grafting.
It is now widely accepted that nerve repair largely depends on the response to injury using cells and/or exogenous peptides. The supply of neurotrophic factors in experimental studies support the survival of nerve cells. Ciliary Neurotrophic Factor (CNTF) have profound effect on the in vitro survival of neuronal cell types such as sympathetic neurons, dorsal root, trigeminal, nodosa ganglia and spinal motor neurons. 1 In addition, studies have supported its role in inducing motor neuron sprouting on embryonal spinal motor neurons and perinatal motor neurons. 2 Motor neuron sprouting may be controlled by the release of soluble cytokines or neurotrophic factors by muscle satellite cells or cellular elements of intramuscular nerves. 2 In vitro candidate factors like CNTF, Basic fibroblast growth factors (bFGF) and insulin like growth factors 2 (IGF2) support the survival and growth in the culture of highly purified chick motor neurons. 3 Exogenous application of CNTF also support the survival of spinal motor neurons in vivo and preserves rats from axotomy induced cell death. 4 As a result, the neurotrophic factors such as CNTF, have great clinical interest in addressing whether they can supplement damaged nerve in order to enhance recovery.
The observation that CNTF is present abundantly in the Schwann cells of peripheral nerves and that it prevents lesion mediated degeneration of motor neurons in post natal rats is compatible with the assumption that CNTF might also act as a lesion factor making it a candidate for degenerative changes of motor neurons. 5 The effect of CNTF on facial nerve injuries has been found to be useful by enhancing the survival of motor neurons in chicks, the neonatal motor neurons and muscle nerve fiber innervations in rats in different studies. 6, 7 However, there is a paucity of literature on the study of CNTF on adult facial nerves in animal models and hence, we conducted an electrophysiological experimental study on adult sheep facial nerve to denote whether exogenous CNTF has any promising role in preventing degeneration and/or promoting the regeneration.
selected the sheep because large animals are more representative of human beings than small animals such as rodents. The physiology of nerve repair and the behavior of regenerating nerves are similar to that observed in humans. [8] [9] [10] The experimental model was the buccal branch of facial nerve. In the CNTF group, the facial nerve was transected and then repaired by simple epineurial suturing and CNTF was injected daily for 28 days over the left depressor labii maxillaris. These animals were allowed to recover and reassessed after nine months. Detailed electrophysiological, morphometric and tension experiments were carried out.
All experimental procedures were performed under general anesthesia. Anesthesia was induced by intravenous bolus dose of thiopentone sodium (0.2 ml/Kg of 10% solution, Merial Animal Heath Ltd, Essex, UK). The sheep were intubated with cuffed endotraheal tube (Portex, Blueline) with 24 hrs of fasting prior to surgery. Anesthesia was maintained with a mixture of 6 l/mt of oxygen, 2 l/mt of nitrous oxide and 1-2% vaporized halothane (May & Baker, Rhone-Poulenc Group, UK). Intra-operative monitoring was performed by ECG and pulse oximeter.
The animal was positioned on the table lying on its right side, the wool and hair of the entire area between the ear and muzzle on the left side was shaved and the skin was prepared for surgery. Silver/ silver chloride transcutaneous recording electrodes were positioned with the cathode over the depressor labii maxillaris which are uniquely innervated by the buccal branch of the facial nerve. The anode was placed nearby over the tendon of the same muscle. The ground electrode was placed over levator nasolabialis. The position of the buccal branch was thus identified and mapped out using transcutaneous supramaximal constant current stimulation from hand held stimulator (Medelec Sapphire; Vcikens; Woking, UK). In all of the sheep, a skin incision was made over the buccal branch of the left facial nerve and skin flaps were raised about 2 cm on either side of the nerve. Thin subcutaneous tissue layer was dissected to reveal the buccal branch of facial nerve which was then stimulated with a hand held stimulator to confirm the identity. The nerve was separated from underlying tissues over a length of about 8 cm (Fig. 1) . Hemostasis was achieved with bipolar diathermy. Stimulating electrodes were placed at both ends of the separated buccal branch of the facial nerve, one at each end. Detailed electrophysiological studies were then carried out.
In the CNTF group, the buccal branch of facial nerve was transected using Meyer neurotome about 4 cm distal to its emergence from the parotid gland, the site of transition being at the mid point of the exposed segment and equidistant from the stimulating electrodes. The cut ends of the nerve were brought into apposition and repaired using 10/0 polyamide interrupted epineural tension free sutures (Ethilon). A baseline electrophysiological study was performed prior to the wound closure. The animals then received daily injection of 12.85 microgram of Recombinant human CNTF dissolved in 0.5 ml phosphate buffered saline (R & D systems) for a period of 28 days over the left depressor labii maxillaris muscle which lies in the vicinity of the transected and repaired nerve at nerve muscle interface under local anesthesia using 2% Xylocaine spray (Astra Pharmaceuticals Ltd, King Langley, England). This duration was thought to provide a 10-fold increase in the concentration compared to the concentration required at the level of imjury based on a previous work done in our department.
In the control sheep, the experiments were performed and then were euthanized with an over dose of intravenous Phenobarbital sodium (20 mg/kg, WestWard Pharmaceutical Corp). In the CNTF group, the sheep were again anesthetized after nine months in the same fashion and the site of facial nerve repair were exposed. Detailed electrophysiological studies and tension experiments were performed. On completion of the test they were euthanized. The sections of repaired nerve were harvested for morphometric studies.
We used Medelec Sapphire 4ME II EMG unit (Medelec, Old Woking, UK) to stimulate the nerve and record the events. The first test performed was jitter, which involved stimulating the terminal motor fibers of the nerve 100 times and then recording the variability in the transmission time of neuromuscular junction of the depressor labii maxillaris. Two monopolar needle electrodes (Medelec MF-37, Old Woking, UK) were used to stimulate facial nerve, one electrode was inserted in the motor point of the depressor labii maxillaris as cathode and the second was inserted approximately 1 cm proximal and 1 cm lateral to the cathode, functioning as an anode. A current of amplitude of 1mA of duration 50 microseconds was applied between these electrodes to stimulate a terminal nerve fiber, the stimulus frequency being set at 10 Hz. The current was increased by 0.1 mA until small twitches were observed, at this point a single fiber electromyography (SF-EMG) needle was inserted into the twitching portion of the muscle belly approximately 2 cm distal to the cathode and adjusted the amplitude of current until a repeated muscle fiber action potential was recordable. The mean consecutive difference (MCD) was then calculated. This process was repeated for 20 different motor units and the average of the recordings was called the jitter of that muscle.
The buccal branch was then exposed; a non traumatic low impedance platinum wire bipolar stimulating electrode (Harvard Electronics, USA) was placed under the nerve and positioned proximally. Another bipolar electrode was placed distal to the repair site, the distance between the two was always kept greater than 5 cm to improve accuracy. Two 6 mm silver/silver chloride disc recording electrodes were placed on the skin over the depressor labii maxillaris to record the contractions upon stimulation of the nerve. The cathode was placed lateral to the motor point and the anode over the tendon of insertion. A ground electrode was placed over the skin of nasal bones. Once all the parameters were set, the buccal branch was stimulated. From the observations, the electrophysiological indices such as maximum conduction velocity (CVmax), refractory period, and minimum conduction velocity (CVmin) were measured.
Both CVmax and CVmin were calculated from the difference in latencies of the compound muscle action potential (M waves) when the nerve was stimulated appropriately at the proximal and distal sites, divided by the distance between the two sites.
CV max or CVmin = d/t, Where d is the distance between stimulating electrode and t is the difference in latencies between two electrodes.
The absolute refractory period was recorded using paired shock technique by calculating M wave (M1 and M2) at two supramaximal stimuli (S1 and S2) with an initial time delay between them at 8.0 ms. The time delay between S1 and S2 was reduced till the M2 wave disappeared, the time delay at which this occured was called the absolute refractory period.
On completion of electrophysiological tests, the tendon of the depressor labii maxillaris was tied using 4/0 silk and then attached to a steel wire connected to an isometric tension transducer (Harvard Biosciences, USA), the output signal was connected to the Y input of an oscilloscope (Gould, UK). The RS-232 output from the EMG machine was connected to the trigger input of the oscilloscope with a 75-ohm BNC cable. With this setting, the buccal nerve was stimulated at S2 with a supramaximal current and the twitch tension measurements were recorded.
At the end of the experiment, the nerve specimens were taken from all the buccal branches during the second stage evaluation except in the control group, which were taken in the first stage. Then 2.5% Glutaraldehyde in 0.1 sodium cacodylate solution was used as fixative for electron microscopy followed by treatment with 0.1% osmium tetroxide which is essential for myelin preservation. After one hour, the nerves were cut into 1 mm sections and then dehydrated in graded alcohols and stained with toludine blue. Nerve sections were then viewed under a compound microscope (Zeiss, Germany) at 400 × magnification. Morphometric analysis -measurement of fiber diameter, axon diameter, myelin sheath thickness and g ratio (axon diameter / fiber diameter) were conducted using an image analysis programmer (Analytical Imaging Station -AIS, version 3.0, Imaging Research Inc, Canada).
Prior to undertaking the experiments, the required sample size was calculated using the Kirkwood formula. 11 From the work of Fullerton et al. for CVmax, if we expect an appreciable effect to be a difference of 15 m/s between the groups with a standard deviation of 7 m/s, the calculated group size would be 4.59. 12 Application of this principle to all of the variables measured experimentally indicated that a group size of 5 animals was acceptable.
All statistical calculations and graph plotting of these experiments were performed using the statistics program statistica (version 6-Statsoft Inc, 2300 East 14 th street, Tulsa, O.K., 71404, USA). The independent or grouping variables were the type of experiments and the dependent variables were the electrophysiological and morphometric measurements. Half normal plots were constructed to identify and reject outliers from within the raw data. The columns of data were then again plotted as normal probability plots in order to determine whether or not the data fitted a normal distribution. The next two stages in statistical testing were directed at identifying the presence of differences (variants of F test) and post hoc tests where those differences lay (variants students t test). For normally distributed data, the F test was applied in the form of one way ANOVA and for data that were not parametrically (normally) distributed, the Kruskal-Wallis test was used. Post hoc tests employed both the Mann Whitney U test (physiological and tension data) and the Kolmogorov Smirnov (morphometric data).
Results
There was no morbidity in CNTF as well as the control group. To assess the nerve repair, the CVmax, CVmin, area and amplitude of compound muscle action potential, refractory periods (absolute and relative) and tension tests were studied. There were no significant differences between skin CVmax and CVmax in 95% confidence interval and it was just above zero for CVmin as expected. Also, 95% confidence interval for skin CVmax and CVmax was higher in the control group compared with the CNTF group. The mean skin CVmin was marginally higher in the CNTF group than in the control group but was not statistically significant (Fig. 2) . 
SD-standard deviation).
It has been noted that relative and absolute refractory period were higher than the control (Fig. 3) . The M area was marginally better whereas amplitude was lower than in the control group (Fig.  4) . However, there were no significant statistical differences between the two groups. The mean peak tension, mean time tension index, mean time tension integral, and isometric tetanic tension were marginally raised than the control group, but again the response was not significant (Fig. 5) . Morphometric variables showed no differences between the two groups. (Fig. 6) Figure 6: Box and whisker plot comparing the fibre diameter, axon diameter, myelin thickness and g ratio between the control and CNTF groups (SE-standard error, SD-standard deviation).
Discussion
The post traumatic nerve repair continues to be a major challenge in restorative medicine and microsurgery. 13 The nerve growth factors such as CNTF have a crucial role in the development, maintenance and regeneration of neurons. CNTF along with leukemia inhibitory factor (LIF) are members of the family of IL-6 like cytokines, effects of which are mediated by two common signal transducing receptor proteins, the gp130 subunit and LIFbinding β subunit (LIFRβ). It also contains an additional specific ligand binding α component (CNTFRα). Originally isolated from embryonic chick eye tissues in 1980, the basic structure of CNTF includes a 22 kilodalton polypeptide of 200 amino acids with four α helix bundle cytokine.
14,15 CNTF binds and activates CNTFRα, gp130 and LIFRβ subunits, which leads to soluble derivatives due to phospholipase C mediated cleavage of the CNTFRα chain triggering the activation and recruitment of gp130 and LIFRβ, resulting in the formation of a triparitite receptor complex. This in turn leads to tyrosine phosphorylation causing recruitment and phosphorylation of SH2 containing signaling molecule such as STAT proteins, which are then tranlocated to the nucleus resulting in enhanced transcription of responsive target genes. 16, 17 These are neuroprotective genes primarily expressed by schwann cells and astroglial cells in the peripheral nervous system, central nervous system and in skeletal muscle. 18 Recently, it has been shown that CNTF supports the survival of both cultured ciliary neurons from eight day old chick embryos, purified spinal motor neurons from six day old chick embryos and also spinal motor neurons when applied daily onto the chorioallantoic membrane of chick embryos. 3,14,19, CNTF application onto the proximal stump of lesioned facial nerves in newborn rats rescued virtually all of the axotomized motor neurons. 4 All these studies indicate that CNTF act as a lesion factor in post natal animals. 5 The noticeable side effects witnessed in the recent CNTF / amyotrophic lateral sclerosis trials limit the potential application of local or systemic CNTF. 20 The main limitation of using CNTF in experimental animals is its inefficiency to cross the blood brain barrier. 21 In our study, CNTF was applied at the level of target organ by injecting CNTF into the muscle with the aim of demonstrating the effect of the local applications of CNTF in the nerve regeneration after repair and we did not notice any side effects in doing so.
In this experiment, CVmax was slightly raised in the CNTF group but there were no significant differences between the control and CNTF groups. The peak tension and tetanus tests were higher than in the controls as this may be due to the effects of CNTF in arresting muscle and motor neuron degeneration as demonstrated in the rats and also could be attributed to collateral branching on intact nerve fibers in adult mice as noticed by Gurney et al. 18, 22 In morphometric studies there were no significant differences between the two groups (Fig. 6) . The identification of very high levels of CNTF-like biological activity in the sciatic nerve of adult animals has hypothesized that the abundant CNTF protein in adult myelinating schwann cells could act as a lesion factor as reported by Sendtler et al. in 1997. 23 On other hand, it was found that motor neuron survival following lesion is not compromised in CNTF knock out animals, suggesting that the response may not be CNTF dependent. 24 In our study however, it seems unlikely that any of the chemical enhancements tested was of use in producing a clinically measurable effect and at present, it is not permissible to recommend the use of CNTF for enhancement of nerve regeneration. In the literature, the significant beneficial effect of CNTF locally applied at the site of injury of the facial nerve has not been shown. Following the transection of nerve, there is a down regulation of CNTF synthesis and more importantly, a massive down regulation of CNTF alpha expression in the motor neurons one day after axotomy. 25, 26 In these animals, the axotomized motorneurons could be rescued by exogenous applications of CNTF through an alternate pathway which is unclear till date. 27 Sendter et al. have proven in their study on adult mice that the endogenous expression of CNTF released from lesioned schwann cells supports the survival of axotomized motorneurons under conditions but not the role of exogenous CNTF on repaired nerves. 21 Gurney et al. reported the CNTF induces the motor neuron sprouting from end plates and from a subset of nodes of ranvier in the adult mouse gluteus muscle and its effect is potentiated by bFEF. 2 Ulenkate et al. in their study on young adult rats after facial nerve crush concluded that CNTF had no obvious effects on retrograde cell reaction. 6 A previous study by similar authors on sheep model by delivering the CNTF at the site of the cell body after sectioning and resuturing the median nerve on sheep also did not show a conferring benefit. 28 Our study too has showed that CNTF has no significant effect on nerve regeneration.
Even though several studies have shown that CNTF protein are detectable at extracellular sites in the distal portion of the lesioned nerves even when CNTF mRNA levels are low, axonal contact is not apparently the only mechanism which regulates the expression of CNTF in schwann cells as strongly schwann cells can also be detected in the regions of the lesioned schwann cells which have not been reached by regenerating nerve fibers. 1 An assumption that regeneration depends on a sequential action of multiple neurotrophic factors hypothesized here due to the negative study which needs further multiple research and evidence.
Conclusion
Locally administered CNTF has no significant effect on adult transected facial nerve regeneration even though it has been noticed to be promising results in neonatal animals. It is likely that multiple studies will be required on large animal models before establishing its role in the enhancement of neuronal regeneration.
